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1. INTRODUCTION

The geomagnetic field plays an important role in a , .r 6f

high-altitude nuclear explosion phenomena, including debris-air
coupling, the guiding of beta rays and energetic ions down into the at-

mosphere, and the formation of striations, to mention a few. For first

bursts, and sufficiently late after any burst, this field will be the am-

bient geomagnetic field. Accordingly, a model of the ambient geomag-

netic field is needed for the new radar and optical systems code.

The requirements of such a model, apart from the general ones

of modularity and minimal demands on computer storage and running

time, are that it provide reasonably accurate values of the vector field

components, and that it permit the efficient tracing of field lines.

The RANC codes used an earth-centered dipole approximation

to the ambient geomagnetic field. Such a model is certainly fast, and

permits the easy tracing of field lines, but its predictions are of low

accuracy. On the other hand, there are available highly-accurate

multipole field models [SM-72e] that are fast-running except for their

field-line tracing routines, which necessarily integrate numerically.

Because of the fact that the systems code will be concerned

with only a limited' ittle space of the order of one thousand kilometers

in linear dimension, a compromise solution incorporating the bcst

features ot both kinds of model becomes possible; it has been explored

and is tentatively adopted. This model uses accurate field components

obtained from the multipole model for some point in the middle of the

battle space to fit a locally-best geocentric dipole field. This, of

course, needs to be done only once, during problem setup. The dipole



model is then used for subsequent field evaluations, for line tracing,

and so on. Thus both speed and good accuracy are obtained.

In the following sections there is a description of a set of com-

puter subroutines that have been written to implement the model.

Listings, cross-reference lists of variables, and input/output lists are

included in an appendix, along with test problems that have been used

in. model evaluation.
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2. SUBROUTINE ONEMG5 AND LINTRA

Personnel of the National Aeronautics and Space Administration

havce developed and thoroughly documented [SM-72e] a set of Fortran

subroutines providing a multipole-expansion model of the geomagnetic

field, including secular changes and provisions for tracing field lines

LDo iatersects at specified altitudes. One of these routines, called

ONEMG5, * embodies the International Geomagnetic Reference Field

(IGRF 1965. 0), and it has been adopted here as the "good" magnetic

field model. Another routine called LINTRA traces geomagnetic field

lines to their intersections with prespecified altitudes; it has been used

only for verification of the simplified dipole-field line-tracing routine.

A simplified flow diagram of ONEMG5 is shown in Fig. 1.

Corresponding details for LINTRA have not been supplied here, for that

routine does not form part of the present package, but was only used in

evaluation. Moreover, these details are readily available in SM-72e.

One note of warning must be sounded concerning the descrip-

tion of secular changes that is provided in GNEMG5. This description

is of first order only, and is based on a fairly small number of years of

good data near the epoch 1965. 0. Consequently, it is inadvisable to

input a time more than a few years away from the data range of the

model.

*Called ONEMAG in SM-72e.

ILA



SSubroutine

ONEMG5

No

Initialize

a) Calculate Schmidt coefficients for IGRF 1965. 0

b) Convert to Gauss-normalized coefficients

LCalculate new coefficients

I Compute field components and magnitudeI z

RETURN

Fig. 1. Subroutine ONEMG5 Flow Diagram.
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3. SUBROUTINE MAGFIT

Given a point in space (normally near the earth's surface and
centrally located in the battle space) for which accurate values of the

geomagnetic field components are known, subroutine MAGFIT calculates

the strength and orientation of an earth-centered magnetic dipole to re-

produce those components. The routine is used only once, during

problem setup, and the dipole properties are then stored and used later

to provide field component values at other points within the limited

battle space.

In Fig. 2, the point P at geocentric radial distance r, north

latitude X (colatitude 0), and eart longitude po is the reference point at

which the field components Br, B., and B (in the same coordinate Ira
system (r, 6, ;p) are known. The point Q at north latitude X (colati-

tude E ) and east longitude po on the surface of an earth-centered
00

sphere passing through P is the direction of the earth-centered

dipole. The point N is the north geographic pole. The arc length (or

central angle) between Q and P is denoted by X.

From the equations for a magnetic dipole field we have the

relations _

2M cos X
r 3r

M sinX (B2 - 3T ' (2)
2 3~r

where M measures the dipole strength and B2 is the angular component

in the direction of increasing X. Consequently, from simple geometry
there follows the relaticns

9
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Fig. 2. Geometrical Relationships on an Earth-Centered i
Sphere through Point P.

10
4-'

* !



B0 = B2 cosa , (3)

B3 =B sina, (4)2

and

2 2 2Bq

where a is the angle QPN.

From Eqs. (1) and (2) one finds the formulas

M rL [B+4 , (6)

x = tan (2B2 /Br) (7)

From Eqs. (3) and (4) it follows that

a tan- (B /Bd). (8)

By applying the cosine law of spherical trigonometry to the spherical

triangle QPN, one obtains the relation

cos = cosxcos0+sinxsin0cos a (9)
0

Application of the sine law leads to the further relation
sin (0- ) = sin X sin a/sin 0 . (10)

0 0

One more use of the cosine law yields the equation

cos (- ) = (cosx - Cos 0 cos 0)/(sin 0 sin 8) (11)

useful in establishing the correct quadrant.

5- 11



Equations (5)-(11) constitute the worldng equations of subroutine

MAGFIT. A Fortran listing of the routine appears in the appendix. A 1
simplified flow diagram is given in Fig. 3.

Subroutine
MAGFIT

Set up input parameters for call
to magnetic multipole field modelI

Calculate magnet ic field
components at point P using mag- ONEMG5
netic multipole model (IGRF 1965.0) ONEMG5

f Compute magnetic dipole moment
f•rom the field components

CRETURN

Fig. 3. Subroutine MAGFIT Flow Diagram.
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4. SUBROUTINE BFIELD

For any point P at geocentric radial distance r, north latitude

X (colatitude 0), and east, longitude ;, subroutine BFIELD calculates

the geomagnetic field strength B, the dip angle I, and the declination

angle D, based on a locally-fitted geocentric magnetic dipole of strength

M oriented in the direction of north latitude X° (colatitude 0 ) and east

longitude p . These latter three quantities must have been found previ-

ously by the use of subroutines MAGFIT and ONEMG5 for a reference

point within a thousand kilometers or so of point P, if good accuracy is

to be assured. Figure 2 may be used to help visualize the geomaetrical

relationships.

The equations of subroutine BFIELD are, for the most part,

just those presented above in Section 3, but solved for different vari-

ables. Thus, the angle X between the dipole moment and the field point

is obtained from the equation

cos. = cos0 cos 0 +sin0 sin 0 cos(•%) (12)

which follows from spherical trigonometry. The total field strength B

is obtained by use of Eqs. (1) and (2) from the relation

B 2 + BB (13)

1Br 2]

[ cos x + (14)
r -

The dip angle I is obtained by use of Eqs. (1) and (2) and the

definition

sin I Br/B (15)

-2 cos X/ cos2x + . (16)

13

_7:



The declination angle D is obtained by use of the definition

D -T - a (17)

A: and Eqs. (10) and (9) through the equations

sin D = sin 0 sin (co - o)/sin x (18)
0 0

cos D - (cos 0 - cos x cos 0)/(sin x sin 0) , (19)o0

both equations being necessary to resolve quadrant ambiguities.

Equations (14), (16), (18), and (19) are the working equations

of subroutine BFIELD. A Fortran listing of the routine appears in the

appendix. A simplified flow diagram is shown in Fig. 4.

414
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Subroutine
BFIELD

Compute cosine of angle !.etween
magnetic dipole moment and

field point, COSCHI

Determine sign of COSCHI

Compute magnetic dipole field strength
and declination and dip angles from
magnetic dipole moment and COSCHI

Fig. 4. Subroutine BFIELD Flow Diagram.
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5. SUBROUTINE CONJUG

The main function o, subroutine CONJUG is to locate the lati-

tudes and longitudes of those points where a given geocentric magnetic

dipole field line intersects a prespecified altitude. There are generally
two such points; the routine will locate either, depending on the choice
of an input quantity. CONJUG also computes (1) the dimensionless

field-line distance (in units of the equatorial radius to the dipole field

line) bet' veen two specified points P 1 and P2 and (2) the ratio of the

equatorial field to that at point PI' for the same field line.

Suppose the orientation of the geocentric dipole is specified by

the north latitude X (colatitude 6 ) and east longitude %oo. Let the

field line be specified by the fact that it passes through a point P1 in

space at altitude h1 , north latitude X1 (colatitude 6l), and east longi-

tude Co1. Then we seek the north latitude X2 (colatitude 02) and east

longitude P2 of a point P2 on the same dipole field line as PI. The

geometry of the situation is illustrated in Fig. 5.

From the cosine law of spherical trigonometry applied to the

spherical triangle Po P N, we obtain the result

cosx, = cos 00 cos 1 +sin 80 sin 61 cos (9,l- 9o) . (20)

The sine law for the same triangle gives the result

sin 4 = sin 01 sin (p - q'o)/sin x, (21)

and another application of the cosine law gives the formula

cos 4 = (cos 1 - cos x, cos 0 o)/sin x, sin 00 (22)

so there is no ambiguity as to the quadrant of 4.

16
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X2 XII

Fig. 5. Geometrical Relationships for the
Field-Line Intersection Problem.
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The equation of a dipole field line has the form

r = r sin2 x , (23)

so the requirement that P1 and P 2 lie on the same dipole field line

leads to the result

sin = sin X1 R + h2)/(R + h1)] , (24)

where Re is the radius of the earth and h2 is the prespecified altitude

of point P2 . Note that there are, generally, two solutions for x

since if X is a solution, so is ff - X2.

Now, applying the sine and cosine laws to spherical triangle

PoP 2 N leads to the results

cos 0 Cos c +sin0 sinx (25)

and

sin (92  o = sin x sin O/sin 62 , (26)

whence 02 (or X2 ) and p2 can be obtained.

The absolute value of the dimensionless field-line distance be-

tween points P1 and P2 is

S1 2  f jds (27

where the element of arc length is given by

ds= r sin X (I + 3 cos 2x). (28)

18

dx-~**-

* - -~~**~* ~ z*.-*. *~! * -



After substituting Eq. (28) into (27) and performing the integration, we

obtain

/3 , 22 t7I + 4' 7

11 r + 77 + In+71129
S1 2  1 ~ t 1 + 1 ri+1 2 +n, (9

where

71 = 13 cos x1 (30a)

72 = ,/- cos x . (30b)

Equation (29) is valid provided points P 1 and P2 are in the same hemi-

sphere. If points P 1 and P 2 are in opposite hemispheres, then we

must perform the integration in two parts, with the equator being the

intermediate point. The result may be expressed in the form

S 3 i JGx I(31a)
s 12 -- SlE AJUGXS 2EI ,

where

and AJUG is a parameter equal to (+1) if Points P 1 and P 2 are in the

same hemisphere and equal to (-1) if Points P 1 and P2 are in opposite

hemispheres.

The equatorial radius, ro, is given by

== (M/ ) , (32)

19



where the equatorial value of the field, Bo, is relaWed to the field

B(r, x) by the expression

B .(r , sinr/2) '2 B(rx) (33)

0 (1 + 3 cos2,X)i

Equations (20)-(22), (24)-(26', and (31)-(33) are the working

equations of subroutine CONJUG. A simplified flow diagram of the

routine is presented in Fig. 6. A Fortran listing is given in the

appendix.

20



CONEJUG

GCSubroutine?

Calculate sine and cosine of angle
between magnetic dipole moment and point 1

Calcuiate sine and cosine of angle
between magnetic dipole moment and point 2

Calculate sine and cosine of angle between field line
and line joining magnetic dipole moment

4 and geographic north pole

Calculate latitude and longitude of point 2

Calculate dimensionless distance
between point 1 and point 2

Calculate ratio of equatorial value of field
and that at point 1

CRETURN

II

Fig. 0. Subroutine CONJUG Flow Diagram.
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6. FUBROUTINE MAGDRV AND VERIFICATION TESTS
OF THE AMBIENT GEOMAGNETIC FIELD MODEL

"To permit the exercise of the ambient geomagnetic field model

for purposes of testing and validation, a special driver routine called

MAGDRV bas been written. The required input consists of latitude,

longitude, and altitude coordinates of a set of reference locations, at

each of which the vector field of a geocentric magnetic dipole is fitted

to an accurate multipole field, for a specified year. Further input con-

sists in a set of locations, relative to each reference point, for which

both the dipole field and the accurate multipole field are evaluated and

compared for relative accuracy of the total field strength. Additional

input consists in sets of altitudes for the calculation of field-line inter-

sects for each of the test points, together with flags indicating whether

the desired intersection is in the same or opposite magnetic hemisphere.

Additional output consists in the inclination and declination angles for

each test point, according to the fitted dipole model.

The principal testing carried out so far and described herein

was for a set of reference points at 200-km altitude, distributed over

-60°(30')60' in north latitude and 0°(60')300' in east longitude. For

each of these, a set of test points at 200-km altitide was specified with

offsets in latitude of +5O, 00, -5' and in longitude of +10', 0', -10'

(a total of nine test points for each reference point). A field-line inter-

section altitude of 60-km altitude was called out, in separate runs for

both the near and far magnetic hemisphere. (One additional reference

point with a set of test points near the south magnetic pole was also run.)

A check on the field-line intersection locations was provided by separate

runs of the LINTRA routine.

22



The results of the field-strength comparisons are illustrated

in Fig. 7 in the form of a histogram of the distribution of errors. It

will be seen that the standard deviation is of the order of 1-2 percent.

However, some test locations were found where the error was con-

siderably larger than this. The geomagnetic field has considerable

deviations from a dipole in some parts of the world. Nevertheless, it

is felt that the fitted dipole model is of acceptable accuracy.

The results for the tests of field line intersection locations can

be summarized by stating that, for intersection locations in the near

magnetic hemisphere, the average latitude error was 0. 0380 and that
in longitude, 0. 019'. However, the median errors in both latitude andV

longitude were about 0. 01', showing again that occasional errors much

larger than the average occur.

As for the location oi intersection points in the opposite mag-

netic hemisphere, the less said the better, in general. The present

ambient geomagnetic field model is a local best fit, and that is not a

procedure that gives a good fit in the large.

23
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APPENDIX

In this appendix are included certain materials of interest

only to those who wish to exercise this model on their own computer,

and who presumably have a Fortran card deck or tape available.

Table Al contains a definition of the variables used in the

equations of the text, and a cross reference with the Fortran names of

the variables used in the listing.

Tables A2 through A6 contain lists of the input/output quanti-
ties for subroutines ONEMG5, MAGFiT, BFIELD, CONJUG, and

MAGDRV.

Tabic A7 contains a compile-and- run isting of the whole

moduile, together with the input and output for the test problem described

in the text of the report.

Finally, Table A8 contains a summary of our experience of

the running times of the various routines on a CDC 7600 computer.

27



Table Al. Symbols and Their Fortran Names.

Symbol Fortran Definition

sin(Xo 0 SN TO Sine and cosine of north latitude of magnetic
cos~k) COSTO t dipole moment •

Po° PHIO East longitude of magnetic dipole moment

M MU0 Magnetic dipole moment•

x ANGS North latitude of field point

SANGE East longitude of field point

r RCUBE Geocentric radius of field point

B r BR Geocentric spherical field vector components

B0 BTHETAt (Br, positive outward; B@, positive southward;
and B3(, positive eastward) of

B• BPHIIGRF 1965. 0 field.

x CHI Angle between the magnetic dipole moment
vector and field point

cos(x) COSCHI Cosine of angle between the magnetic dipole
moment vector and field point

01 ALPHA Angle between the magnetic dipole moment and
geographic north pole i

B 2 B2SQ Square of the angular component of the magnetic

field

IDIPANG Magnetic dip angle at field point

DDECANG Magnetic declination angle at field point

BBVAL Magnetic field strength at field point

Re RE Radius of earth

X•' AIAT1 North latitude of point 1

28



Table Al. (Continued)

Symbol Fortran Definition •

•1ALON1 East longitude of point I

h1 ALT1 Altitude of point I

h2 ALT2 Altitude of point 2

x 2 ALAT2 North latitude of point 2

P2 ALON2 East longitude of point 2

AJUG Flag controlling which magnetic hemisphere the
location of the intersection point is calculated

sin(Xl) SINZ1 Sine of angle between the magnetic dipole moment
vector and point 1

cosX1 COSM1 Cosine of x,1l

si(X2) SN2 Sine and cosine of angle between the magnetic

cos(×) COZ2 tdipole moment vector and point 2

sin(O,1 SINPSI Sine and cosine of angle between the field line
and line joining the magnetic dipole moment

cos(O1 COSPSI with the north geographic pole

29



Table A2. ONEMG5 Subroutine Input/Output.

INPUT VARIABLES

TM Time in years for desired field

RKM Geocentric distance of point (kin)

ST Sine of (geocentric) colatitude of point

CT Cosine of (geocentric) colatitude of point

SPH Sine of (geocentric) east longitude of point

CPH Cosine of (geocentric) east longitude of point

OUTPUT VARIABLES

BR Radial field component (gauss)

BTHETA Positive-south field component (gauss)

BPHI Positive-east field component (gauss)

B Total field magnitude (gauss)

30



Table A3. MAGFIT Subroutine Input/Output

INPUT VARIABLES

Argument List

ALATF North latitude of specified point P (radians)

ALONF East longitude of specified point P (radians)

ALTF Altitude of specified point P (kin)

TM Time for desired field (years)

OUTPUT VARIABLES

MAGLNK Common

MUn Magnetic dipole moment (gauss km e
SCOSLT0 Cosine of north latitude of magnetic dipole

: moment

SSINLT0 Sine of north latitude of magnetic dipole
moment

PHI0 East longitude of magnetic dipole moment
(radians)
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Table A4. BFIELD Subroutine Input/Output

INPUT VARIABLES

Argument List

ANGS North latitude of field point (radians)

ANGE East longitude of field point (radians)

ALT Altitude of field point (km)

MAGLNK Common

MUO Magnetic dipole moment (gauss kin3)

COSLTO Cosine of north latitude of magnetic dipole
moment

SINLTO Sine of north latitude of magnetic dipole
moment

PHIO East longitude of magnetic dipole moment
(radians)

OUTPUT VARIABLES

Argument List

BVAL Magnetic dipole field strength at point (gauss)

DIPANG Dip angle of the magnetic dipole field at point
(radians)

DECANG Declination angle of the magnetic dipole field
at point (radiams)

COSCHI Cosine of angle between the magnetic dipole
moment vector and field point

32
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Table A5. CONJUG Subroutine Input/Output

INPUT VARIABLES

Argument List

ALATI North latitude of point 1 (radians)

ALON1 East longitude of point 1 (radians)

ALTI Altitude of point 1 (kin)

ALT2 Altitude of point 2 (kin)

AJUG 1. - Calculates latitude and longitude of
point 2 in same magnetic hemisphere

-1. - Calculates latitude and longitude of
point 2 in opposite magnetic hemisphere

MAGLNK Common

MUO Magnetic dipole moment (gauss km )

COSLTO Cosine of north latitude of magnetic dipole
moment

SINLTO Sine of north latitude of magnetic dipole
moment

PHI0 East longitude of magnetic dipole moment
(radians)

OUTPUT VARIABLES

ALAT2 North latitude of point 2 (radians)

ALON2 East longitude of point 2 (radians)

S12 Path length along the field line from point 1I
to point 2 (in units of the equatorial radius of
the traced field line)

BEB1 Ratio of the equatorial value of the field to that
at point 1 for the traced field line

I33
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Table A6. MAGDRV Input Quantities - START Namelist

ALATFI Array of north latitudes of fit points (deg)

ALONFI Array of east longitudes of fit points (deg)

ALTFI Array of altitudes of fit points (Iam)

NFIT Number of fit points

TM Time at which to evaluate exact field (years)

RLATS* Array of north-latitude deltas of test points (deg)

RLONS* Array of eust-longitude deltas of test points (deg)

RALTS* Array of altitude deltas of test points (k1m)

NRS Number of test points relative to a fit point

RCONS Array of test altitudes for intersection calculations (Iam)

AJUGS Array of calculation options for conjugate- region inter-
section calculations:

1. - Calculate intersection point in same magnetic
hemisphere.

-1. - Calculate intersection point in opposite magnetic
hemisphere.

IOPT MAGDRV calculation options:

1 Calculate only magnetic dipole field at test points.

2 -Also calculate location of intersection points.

3 - Also calculate magnetic multipole field at test points.

*The (input) locations of the test points are relative to the fit point.
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Table A7. Compile-and-Run Listing of the Ambient Magnetic-Field

________ Module, with Input and Output of Test Problems.

MAGDRV

PoPI~~~A# mA(;n&kv(TNPliTpfUTI)LT.TAPE%2INPUJTIAPFbxtdIITPUT) NOA.
C NEiN*AG. 3

C THIS PRflGRAP4 FYE'WCISFS THsE AmBTENT mAGNETYC FICELD ,noFL, THE Nfp#0NAG~h
C MnDlFL cn~49ISTS OP~ FfluR ROUTIJNES, '.AGFIT FITS A DIPOlLE FIFLD TO NEw"jAG.7
C THE MAGNETIC FIFLr) AT A GIVEN POI*JI,014C.H SHOJULn BE NEAR NEwm4G.A
C THE CENTER OF 1-4t E F(-.yIJN OF INTFREST., THE *EXACT* FIL AT THE NEWM'AG.9
C POINT 15 r.AIC'iLATFD FROM O)NEMGS# A "JDnEL OF THE INTERNATIONAL NEHPAG,10
C GFOmAGNFTTC REFFHENCE. FIELD. EPOCH t965,0, NEWMACI11
C (SEE (1) F,r., STASSINnPOILUS AND GD, KEAD# NASA REPORT NEamAG,12
C NSSrnC ?P-12# ALLmAG.(;DALmGLINTPA CONIPUTEU4 PROGRA"S FUR NEnAI4AG13
C GFIDUAGNFTYC FE10i AND PIELOELINE CALCUILATIOJNS. FEBRUARY 1972 NEwMAIG,1
C ANn (7) JC.c CATN ANI) SoJ, CAIN, NASA TN D-b241. DERIVATION NEWMAGI5
C LIF THE INTER0NATIONAL GEOMAGNETIC REFERENCE FIELD (IGRFCIO,6(S)1, NEwPAG*16
C A11(1IJST 1971') NEWMAG.17
C A THIPIo ROUTINE, 9FIELO. CALCULATFS TN4E "AcNETIC FIELD STRfNGTH NEOMAG418
L Fnk ANY GIVEN POINT FnR TNE. FITTEn OIPOLE. THE FuURTm 6;nUTJkE NEOMAG,19
C CALCULATES THE LILCATIOiN OF A POINT WITH A GIVEN ALTITUDE wHIC'4 NE0WNAG6?O
C IS (IN THE SAME FIELn LINE AS SOPE SPLCIFIED POINT FOR THE FITTED NENNAG,21
C DIPnLF FIFLn. NFc0.AG.?2
C NEWMAG,23

C NEWMArs,24

C INPUTI PAR4AMETERS (NAtIFLIST START) NEwKAG,26
C ALATFT ARRAY (iF NnRTH LATITUDES OF FIT POINTS (DEG) NEwmAG.??
C AtONFT . ARRAY OF EAST LONGITUDES UF FIT POINTS ME(G) tIEwMAGO28
C ALTFI - ARRAY OF AI.'TITUPI'3 OF FIT POINTS (KMi) NEWMAG.29

C NfIT w NUMRFR OF ITPOTNIS NEwd4AG430
C M - TIME AT WHICH VO~ EVALUATE ExACT FIELD (YEARS) NEN4AG,31

C QLATS - ARR'AY OF NORTH LATITUOPS OF ILSI POIN4TS (DEG) NEwP4AG.32
C RLONS - ARRAY OFl EAST LUNGITUJDFS OiF TEST POINTS (DEG) NEWMAG,33
C WALTS - &RRAy OF Al TITUDES OF TEST POINTS (K14) NEWMAG,3LJ
C NOS - NIJM1RFf UF TEST POINTS NEWMAG, 35
C PCONS - AR~RAY 1Fl TFST FIFLD LINE ALTITUDES ('(N) NEwAAG,36
C A.TUrS - ARRAY OF TEST FIELD LINE CALCULATION OPTIOINS NE*MAC,31
C 1, CALCULATtS INTERSECTION POINT IN SAME NEWMAG,38
C 4AGNEITC HEMISPERE NEwOAG,39
C -1, CALCULATES TNTERSECTION IN ('PRuSITE NE*AAG,LaO
C MAGNETTC HEMISPERt NERMAG,4J1
C aaa~a.aaaaaaaaaaaa~~aaaa aNF wMAG.1J2
C a*NEWMAGO4J33
C a CAUTION *L11CATION UF OPPOSITE HEMISPEHERE NEW.4AG,44 A
C aINTERSECTIONS MAY NOT tIE ACCUR~ATE aNN46D

4 C aaNENpMAG.,*b
C aaaaaaaaaaaaaaaaaa*aaaaa.NEfimkG,4 4~
C InPT -CALCOULATION OPTIONS NEWmAGaB
C I - CALC'JI.ATE ONLY D)IPULL s FIELD AT TEST PnINTS NENM#,G,49
C 2 w ALSO CALCULATE LOCATION OF INTERSECTION PVINTS NENmAG,5O
C 3 %ALSO CALCULATE MULIIPOLF 11 FIELD At TEST POINTS NEw4AG,5SI
C NEwMAG.52 1
C FIT nIPOLE TO POINT %EMAG,53

C FALMDNE,.4AG,5R
PFAL ilt)NENMAG.55

C NEMIAG,Sb
CnMMON /mA(,LNk/ MUJO.CnSLIO#SINLTG#P"IIO NEWMAG.57
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MAGDRV (Cont'd)

C(1AMMIN/CN9hINIT/ '4XM.PT ,NALFPI .PfILQP! ,(R~iVZ(?) NEw&IAG,58

C NEWMAG*S9

OTMENSIfiN PLATSSf).RLUNSC5n).I!CUNSI(b0),AJUGS(5oI ISENMAG960

DTMFNSiCN IRALTS(SO N0AG6

DIMENSION ALA LY(TSO), ALCINFI ('O) ,ALIFI (50) NEWMAG.62

NAMFLIST /STAQ7I.ALATFT.ALONFIALTF~eNVItT, RAS#LN#ALSN NE*SMAG.64

SRCONSATIUGS, ZOPT NEpeMAG,65

5kE s t.flEw05*?ECM NE^MAG967

RADS s H4ALFPI19n, j~"G 6

C READ IN DlATA NEwNAG.70

C NEWP4AG,7I

RFAD''j,9TAQiY) NEWMAG.72

C NEWMAG,74

C LOflP LVfR FIT PUTNTS NEtWMAG.T6

C NFW'4AG,7b

Don goo JJZI#NFTT NEWNAG.77
17AtATF =AtATFI(jj) NEWMAG,78

2)ALI1NP a AL()NFTCJJ) NERMAG679

21 ALTF zALTFT(JJI NEWP4AG.60
21WRITE(n, 1000)ALATFALflNPALTF, TM NEI.MAG,61

57 AIAP x ALATFI-RADS NEMMAG,82

alAIONF x ALONF*RADS NEWMAG.63

1000 Fr1R.ATCINIo,33H LOCATION (IF PUINY THAI IS FITTEU#//#12H LATITUDE xNEwmAG,8m

.,F9*2,6" (nFG),/,13H LIONGITUDE 3 *F~s?,6M (DEG)P,/1314 ALTITUDE a NEWMAG,65

%#F8e?,bM (OFG),,,13H TIME 2 #PR,2*bH tYRS)*///) NEOMAG,86

C NEOMAG,57
C FIT DlIPOLE TO (n1VEN FIELD POINT NEMMAG,~8

C NENMAG,89

UPCALL MAGFI T(ALATFsAL0NF ,ALTF,TM) NEMEMAG.90

ar, W.RITEfbot001i)mflO,COSL'0,OSINLT0,PHT0 EMG9

1001i FflRMAT(//.2'SH FITTED nIPtjLE. PARAMFTERSISj/pION '4U0 x *E13,be NEwMAG,92

SIAM GAUSS (m**1./,i101 CIUSLTO 2 ,E1Tefit/,IO SINLTO a tfl3.6t/* NENMAAG,94
SIAMlt PHI(1 z vfESo,2bH LU4GITUDE EAST (RADIANS)#///) NE"MAG,94I

el 10 "RITE(b#1fl02) NEOMAG.Q5

10(1 Ffllm&T(1H+,,XPQN TEST LAT#2X#9H TEST LU4*IX#9H TEST ALTI.2K, NE"'4AG99b

S QH DYPnLf 8,11#714 0IPANG*3K.TM DECANG) NEWMAG997

IF(IUPT *LT., 2) GO TO 50 NEWMAG,98
7n1 po .iITE(6110O1) NEWMAGQ99

10013 FORtMAT(IH0062X,I0NINTFRS ALT,2xpbWI AJUG .OX#IOHINTERS L6Tt2x# NEwmAG,I00
SI(IHINTERS LnN) NEiOMAG, 101

74 IF (IfipT *LT, AGO TO 50 tdEWMAG, 102

17 30 WRITEC6,100LL) NEWMAG.103

1004~ FqnMAT(l0QK,7w T(6RF H#2X*RH PFRCENT) NFWMAG,104

104 So0 CONTINUE NEWMAG* 105

C ~NEMAG, 106

C LonP oVER TLST PnIN!S NEMMAG,t107

C NFEI4AG, 108

0 On uoO jaI,tpjs NENi1AG, 109

L NENMAG. 110

C rALCIIL.ATF nIPULE F'ELD VALUE AT TEST POINT NEWMAG,1 11

c NEWMAG,112

106 ANGS :ALATF *RLATS(I)*wADS NEw"AG. 113
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MAGDRV (Conttd)

Itol ANGF a ALnNF + RLONBSCD*RAOS NEm4AG0114
113 ALT * ALTF + RALTS(J) NE*KAG.1l5

isCALL R7!ELO(ANGS.ANGE.ALTDII.DIPANG.OLCANG.COSCH!) NERMAGoi1e
120 ANGSD a ANGS / PADS NEwMAG,lIT
1ab ANGED a ANGF /' PADS NEPt4AGetlS
127 DTPANr, a DIPANG / PADS NEwmAG.119
131 DFCANr. a DECAJG / WADS NEPMAG*120
132 wRITE~bol,00S) ANGSD*ANGED*ALT.IHeDTPANG#DECANCG NEPMAGet21 4

t005 FDRMATC1H+,.1(2XFR.?),2XP8.3,3X,F7,2,2X,F83 Z) NEAMAG,1~2
152 IF(II)PT .LE, t)r-O TO 400 NEAMAG@123

C NEPMAG,124
C CALCU1LATE LOCATIDN OF POINTS AT ALTITUDE RCONS "HICI1 ARE UN *4F SAME NE."MAGet25
C FIELO LINE AS THE TEST POINT NEPMAG, 1fh
C NERMAG, 127

I56 AJUI; a AJLJGS(J) NEAmAG.126
157 AI.T2xPCONS(J) NEkMAG,129
161 CALL CONJUG(ANGSANCEALT.ALT2,AJ1IG.ALA2.AL02,St2.BFBt) NEWMAG.130
171 ALA2UALA2/RADS NE"MAG,13t
M7 ALOUAL02/RADS lERMkAG.13?
174 uRITEC6.160o)ALT2,AJUtCALA2,ALO? NEOMAG,131

1006 FO3RMATCIM*,.OXFIO,2,F9.2.4K.2(FID,3.2X)) NEWMAG, 134
?07 IFCTOPT *LE, 2) Gfl To o00 NEWMAG0135

C NEOMAG, 136
C CALCULATE OEXACTO FIELD FROM IGRF(1965s) AT TLST PO1INT NEWMAG,137
C NEWMAG.1311

P12 RRM a RF + ALT NEOMAG,139
P13 cflLAT a I4ALFPI.ANGS NEWMAG.140
Pi1, ST a SINCCULAT) NEWMAG, 141
217 CT a COS(COLAT) NEW'4AG,,14?
221 $PH a SINfANGF) NE AMAG,1I43
223 CPH a COSCANGE) NEwiMAG,144
226 CALL (1NE~r,5CTNRKMDS7,CT.SPI4,CPMRH.8T~r,P.BE XACT) NEnMAG,t4S
?37 DELT z(B a REXACI)/REXACT*lflO, NEOMAG, 146
P41 WRITE(6*l00O7IkXACTvOELT NEMMAG, 147

le10t? FORMAT0OIx,2x#Flo*3*,X#Fto.3) NEWMAG.149
252 400 CflNTINUE NEWMAG, 149
25; 900n CONTINUF NEAMAG, 150
p57 wRITE(6#100A) NEwMAG.151

1008 FflRMAT(//,,20H END OF TEST PROIRL'ý) NEWNAG, 152
P63 STOjP NE~mAG,153

26S p-D EMMAr,,154
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BFIELD

SIJROUINERFILD(NGSANGE,ALTSVAL,DIPANGDFCANG.COSCHI) EMA.b

C NE,.MAGg1S6

C NEW'4AG.156
C THIS ROUTINE CALCULATES THL AMBIENT MAGNETIC FIELD AT A POINT NEOMAG,159

C FROM THE MAGNITIIDF ANt) DIRECTION OF THE MAGNETIC DIPOLE MOMENT# NEAMAG9160
C AND THE LOCATION OF THE. POINT NEm.4AG.1bt

C NEWMAGeI62
C .**NE*MAG,163

C NEWMAa,tbLI

C INPUT PARAMFTERS NEMMAGe165

AC ARGU1MENT LIST *NEWMAG,b66
C ANGP NORTH LATITUDE OF FIELD POINT (RADIANS) NEPMAG,167

C ANGF E AST LONGITUDE (JF FIELD POINT (RA0IAf.S1 NEWMAG,168

C ALT *ALTITUDE OF FIELD POINT CIKM) NEmMAGIbQ

C NEMMAGOITO
C MAGLNI( COMMON NEPMAG,171
C MloO - MAGNETIC DIPOLF MOMENT (GAUSSaKMI) NEONiAG,172
C CnSLTO a CojSINk OF NORTH4 LATITUDE OIF MAGNETIC DIPOLE M'OMENT NEoMAG,I73

C SINLTn o SINE OF NORTH LATITUDE UF MAGNETIC VIpnLE NOMENT NEWMAG,174

C PHIO 0 EAST LONGITUDE OF MAGNETIC DIPOLE MUmLNT (RADIANS) N.E.MAG,itS

C P? w 3.141'392651SO94 NENMAG, ~lv
C RFCM * EARTH RADIUS (CM) NWA,7

C NE*wXAG,179
C OtUTPUT PARAMETERS wM..1,

C ARGUMENT LIST *NE wMAf-, -It
C OVAL - MAGNETIC FIELD STRENGMT AT FIULD POINT (GAUSS) NEr#Mteý-,,
C DIPANG a DIP ANGLE OF MAGNETIC FIELD AT FIELD PnINT (RAD), NEWIT M AG' )3

C DIP (OR INCLIMATION) IS THE VERTICAL A14GLE MEASURED NEl-i;,18
C FROM THE HORIZONTAL AT ANY POINT TO THE (VECTOR) Nrie'l~

C LINE OF FORCE THROUGH THAT POINT. IT IS POSITIVE TN NEw'4AGI86

C THE NORTHERN MAGNETIC HEMISIPHERE -A'" AEGATIVF IN NEPMAG,16?

C THE SOUTHERN MAGNETIC HEMIqPHLERE NE~mAG.188

C CFCANG -DECLINATION OF MAGNETIC FIELD AT FIELD PO)INT (RAD), NEWMAG,189
C DECLINATION (OR VARIATION). THE ANGLE eETwFLN T:.E NEWMAG,19n

C GEOGRAPHIC AND MAGNETIC MERIDIANS AT A POINT# IS NEWMAG,191

C POSITIV; IF THE C04PASS NEFOLL POINTS EAST UF NE~mAG,192

C GEOGRAPHIC NORTH, NEAMAG,193

C CSI COIEOF MAGNETICoDIPOLF COLATITUDE. NEwmtG,G19LS

C COSCHI IS NEGATIVE IN THE NURTHERN MAGNETIC NEWM#G,19S

C HEMISPHERE AND POSITIVE IN THE SnuTHFRN MAGNFTIC NERMAiw,196

C HEMISPHERE, NEWMAG,197

-qC NEWNAG, 19R
REAL MUO NEI.MAG, 199

C NENMAG,2OO
COMMON /MAGLNK/ MLjo@CnSLTO*SINLTOPMIO NEwMAG,201
CHMmON/CNSTNTIRECM.Pl.HALFPT.FO)URPI.GRAVZ.GZ54EZotWLTZXGAMI .GMII NEWMAG,2O?

IP MNITPMOXY NE'wMAG,203

RFRC*1,. NEwmAG,204
R~aRCM*IE-5NE WMAG, 205

C NEWMAG,204,
C CALCUILATE SINE AND COSINE OF NORTH LATITUDE OF FIELD POINT NEWMAG.2O?
C NENMAG02O8

1:12 COSLAP a COSCANGS) NEwmAG,209
STNLAP a SINCANGS) NEWMAG,2I0
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BFIELD (Cont'd)

DELLUN a ANGE *P140 IMAOI

C CALCU'LATE SINE *F'O COSINE OF ANGLE OFYWLEN MAGNETIC NEONAG.213

C DIPOLE MrJME1T AND FIELD POINT kE"MA69214
C NEWOtAGO21S

27 cflscI$ a cosLAP*cnSLT0*CC3SCANGE v PHI 0) # SINLAP*SIN..TO kE6MAG*216

'4t SINC0! 8 SQRT(1* a CUSCWI*COSCOI3 P4EMMAGZI?
C NEONAG.216

C CALCtILATE CURE OF GEOCENTRIC RADIUS OF POINT kEwmaG,219

C NEwmAC,2?0

52 RCURE s RE 0 ALT NEOMAG,221

S3RCU9E a OCuRE.RCu@ESACu@E NEOMAG02~2

CTOTAL FIELM STRENGTO kEomAG. 224

C NEOMAG*225

So &TERM aSQRTC3*.SOsCI~r.COSCMI to1) KwEN~MA.b
8VAL ME ER ER &WPA6,?Z?

C U0CS EwmAGo226
CMGETDIANLATPOINT %E0MAC.229

67SNI 0 * DECANtSTR NOGGO

to3 MOEANG 8 A31N(S!kPSI)NEM3,3
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BLOCKH

B~LOCK DATA BLOCK" EMA.O
c NOA,4
C INITIALIZE NAMED CONmflu COINSTANTS AND DEFAULT VALUES I.EWMAG.205
c t4EU'AG,246

C E FCR UANT/.)oITIES PE.1b UNE/AROS.MOPIN t4ENMAG*241

C DPOSITIO /2.324743ENT3 FRPUPNWA,

3 3PINY /H~t NEWMAG@?3/

t G MNIT,-MO/ NENWAGM6
C NEWMGDA5

DATA RE~ /eo9o *e.0E.1.204l7o 5E1..07 kEmMAG.256
I P 2.OE.1e.1.6E.I?.6OE.1u2.5E1?.2.E21
3 0.0 IJ~,S.0Eu793b 9 4q/, M.1.0n7.t.L.1

TN ESMI/I0,E5ISz2.1..31/~Z1SE1 NENMAG,271
-4EPA EMA06

DATASIG /0, 6.E-182.Ool?#@S~tl#ZO~o~t NWMA,26
t *Ooll6El~~o~w7,eSet,2O~l ~ NO40O6

2 , 1a),6

4. 0, N - ,M- 4 - - ,-



CONJUG

SUBROUTINE C0NJUG(AL.AT1.ALUN1 .ALI I ALT2.AJUG.ALAT2,ALON2.512.RES1)NEWMAG@2?O
C *.**.*.NEWMAG,27S

C NEWMAG,277
C THE ROUTINJE CflNJUG CALCULATES, FOR A GIVEr4 ALTITUDE# THE tOCATION NEAMAGZTS
C (LAT#LON% OF THE POINT(2)o WHICH IS ON THE SAME MAGNETIC DIPOLE NERMAG*?79
C FIELD LINE AS SnmE OTHER GIVEN POINT(J), IT ALSO CALCULATES THE NEWMAG,280
C FIELD4LINE DISTANCE OFTNEEN PO)INT(1) AND PLIINT(2). IN UNITS OF NEWMAG,281
C THE EQUATflRIAL RAD!US OF THE TRACED LINE* AND THE RATIO OF THE NEWMAG,282
C EOUA!ORTAL VALUE OF THE FIELD TO THAT AT PUINT(IJ FnR THE TRACED NEWMAG,283
C LINES NEWMAG.284
c NEWMAG:28S

C NEUMAG9287
C INPUT PARAMETERS NEOMAG9286
C ARGUMENT LIST *NEPMAG,28q
C ALATI a NORTH LATITUDE OF POINT 1 (RADIANS) mEwmAG,290

CALUNI 0 EAST LONGITUDE OF POINT I (RADIANS) NEWMAG,291
C ALTI o ALTITUDE OF POINT I CKA) NEOMAG*292
C ALT2 o ALTITUDE OF POINT 2 tKM) NfwMAG,293
C AJUG 0 NEMMAG.294
C I. CALCIJLATtS LOCATIUN (LAT.LON) OF POINT 2 NEWM4AG.295
C IN SAPE MAGNETIC HEMISPHERE NE*mAG.296
C -1, CALCUJLATES LOCATIUN fLAT#LON) OF POINT 2 NEwMAG0297
C IN OPPOSITE MAGNETIC HEMISPHERE NEM'4AG.29A
C NEmMAG0299

* C **.***a***.*.*a*,**..*** NE .MAG* 300
C **NEUMAG,301

C CAUTION *LOCATION UF OPPOSITE HEMI3PHERE *NEWMAG0302

C *INTERSECTIONS MAY NUT RE ACCURaATE *NPmmAG,303

C **NEWMAG,304i
C ***.*...*ha**************NEWMAG. 305

C mE'IAG,30E,

C MAGLNK COMMON NEOMAG*307
C MUDO - MAGNETIC DIPOLE MOME.NT CGAtISSO'M3) NERMAG8309
C COSITO o COSINE OF NURTH LATITUDE UF MAGNETIC DIPOLE MOMENT NEWP4AG93o9
c SINLIO 9SINE UF NORTH LATITUDE OF MAGNETIC DIPOLE MOMENT NEA6MAG,310
c PI - EAST LONGITUDE OF HAGNETIC DIPOLE MOMENT (RADIANS) NWA.1
C CNSTNT COMMONS NEWNAG,1I?
c RECK- - EARTH RADIUS (CM") NEMMAGo3t3
C PI v 3.1415926535098 NENMAG.311
C mEwmAG,3iS
C IJIITPUT PARAME ZERS NNA,1
C ALAT2 - NORTH LATITUDE OF POINT 2 (RADIANS) NEWMAG.317

C ALON2 - EAST LONGITUDE OF POINT 2 (RADIANS) NEPMAG.318
5 12 0 DISTANCE ALONG FIELD PLTMEEN POINT I AND POINT P (IN NEWMAG,519

r,9 (Wl RATIO) OF THE EgUATORIAL VALUE UF THE FIELD TO THAT AT NERMAG.321

C POINT I FnR THE TRACED LINE NEWMAG.322
C NE"4AG,323

Cn"o'IN /MAGLNK/ MUO.COSLIO.SINLT0,PMl0 NENHAG*324
cnmmQJCN$Ykl/ RECM.PI.MALFPI.F(3URPPI.CRAvZ(?) NEWMAG912S

C NEWMAG9326
REAL MUD NERMAG*3?7

C NEwmAG, 3Z8
RE a 1.*'Eo05.RIC# NE.,MAG.329

18TWORI a 2,'PI NEPNAG9330
C NEOMAG.331
C r.ALCIILATE SINE AND Cr)SINE OF ANGLE OETOEEN MAGNETIC DIPOLE MnmENT NEWMAG,352
C &ND POTNT I NE NMAG, 333
c NFOKAG,330
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CONJUG (Cont'd)

17 C031l 8I COSCALATI) NEWMAG81335
20 3INLII a 3IN(ALATI) NEwmAG. 35
2S DIFF aALONI 0 PHIO NfaMAG,33T
33 COSZI 31SNLTO*SINLTI + C03LtO.COSLTI*COS(OIFF) NEWMAG.S33
41i 31NZI? 0 1, - COSZI*COSZI NEb'4AG,139
43 31NZI a 30RT(SINZ12) heWMAG.341

C CALCULATE SINE AND CO3INE OF ANGLE BETWEEN mAGNETIC DIPOLE 011MENT NEWMAG.3412

C AND POINT 2 N111MAG. 343

C NEWMAGOSLA

4S C SINZ2? 8 SINZt2.(RE * ALT?)/(RE + ALTO) %fomAG#34S

55 S1N22 a SORT(SINZ22) 
NEW'4AG.346

57 Cn3Z2 a SORT(1* o SINZ22) tLENmAGs*3'&7

r. 
NfamAG,3418

C nETERMINE SIGN OF COS2Z v IF POINT A 13 IN THE SAME NEWMAG,149

C MAGNETIC I4EMISHEPE. THEN SIGN OF COSZ2 IS THE SAME AS THAT OF NE*PAG,3S0

C COSZI (COSINE O1F ANGLE BETWEEN VAGNETIC DIPOLE MOKENT AND POINT 09. NEWMAG03si

C IF IN OPPOSITE MAGNETIC MEMISPHERE, THEN SIGN OF COW? 13 11PPOSITE NEWNAGTh2

C SIGN OF COSZI t4WMAG. $53

C 
NEMNAG. 350

63 COMZ a STGN(COSZ?.AJIJCP*COSZI) NEWMAGs3S

C CALCULATE SINE AND COSINE OF ANGLE BETWEEN FIELD LINE AND LINE NEWMAG,357

C JOINING MAGNETIC DIPOLE MOMENT WITH GE.OGRAPHIC NONHY POLE NEWMAG,358

C 
NEw"AG. 359

72 31NPSI 8 C0S301 SIN(OIFF) / StNZ1 NE*HAG,*360

lop CnSPSI a C5INLYI *COxZ1aSINLTO),CSIN?1*C031LTO) 
NEMAG,361

C 
?4EWMAG.Sb?

C CALCULATE NORTH LATITUDE OF PUINT 2 NRA.6

C NEWMAG.364

l06 SINLI? * CUSZ2 * SINLYO # SINZ2 * COSLTO *COSPSI hEw'4AG,36S

It? ALAT2 a ASIN(3INLT2) 
NEWMAG,366

C 
"EUmAG.3b7

C CALCULATE EAST LONGITUDE OF POINT 2 N1s0MAG0366

C 
NEWM4AG.3b9

It? 3INOIF 9 SINZ2 * 3INPSI /. CnsCALATa) NEw'4AG.$70

12a DtFF 8 ASINCSINDIF) 
4MA 3 7

t24 CnSSGN a COW? SINLTO*SINLt2 NEHMA.1,72

!27 IFCCOSSGN *LT, fl.)DIFF 8 SIGNCPTSINCDIU) DI0FF NEPMAG.373

lot ALONZ & PWI0 + nIFF 
NEWMAG*370

¶a3 IALN LT, 0.) ALO42 a ALON2 + T'OUPI tLEWMAG.*375

147 LION2 a AMO0(ALON?,TwflPI)i NEWMAG,376

c 
NEWMAG.3?7

C CALCULATE 0IPOLEsFIELD PATH LENGTH OET14EEN POINT I ANDj POINT 
2 (IN NINNAG9378

C uNITA OF THE fQUATflRIAL RADIUS OF THE TRACED F~titO LINE) #4EWMAG.379

c 
NIMMAG.380

153 41 a SQRTCls) 
NEWMAGO381

155 R3Mti1 a R3 * COWZ NEWIAAG.$S2
is 312a 3*c~?NEOMAG, 363

16 'PS 
SQQT(1. * R3'4U1 * 43"UI) %%A,6

164 RIPR22 a 304M(. * RlmUe * 43"U2) NEWMAG.365

071 31E S ABS(R3HUI * RtPR12 # ALOGtR3"U1 + PIPR1 2)) %fM4G9367

POO SE x ARS(13mt02 * R1t)P?? + ALOG(4IMIUi # RIPRe?)) t4IWMAG.38S

215 312 a ARSSSIE * AJUG * S2E) * R3/6, tEmMA6.369

C 
KNA,6

C CALCULATE RATIn OF EQUATMRIAL VALUE nF IME. FIELD TO THAI At POINT I tiENMAG,390

C FOR THE TRACED FIELD LINE hINNtAGessi

C 
NEWMAG,39?

217 Orel a SINZI2**3/RQIPR22 
'4 NUAG.393

C 
NEMMAG. 394

223 END 
kfw"#G,396
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MAGFIT

SUBROUTINE MAGFIT(ALATF*ALUNF*ALTFfTM) NEwN&G*397
C NEoMAG, 398
C a*aNEPMAG. 399

VC NEWMAG.400
C THIS5 ROUTINE FITS A DIPOLE FIELD TO THE LOCAL MAGNETIC NEOiMAG,4Ol
C FIELD AT A SPECIFIED POINT P, P 1.. GIVEN By ALATFALaNF#ALTF, NEW4AG.,aO2
C THE MAGNETIC FIELD AT P 1s FOUND FROM MODEL 5 UF STA3S1NOPOULOS NEWMAG0403
C m(1DELS, MODEL S 13 IGAF 10168, REFERENCE v STASSINOPOULOSf E.G. NEWMAGv41OM
C AND G.D. MEADf ALLMAGO FIELD-LINE CALCULATION# NASAaGODDARO SPACE NEWMAGs405
C FLIGHT CENTFR# NSSDC 72.12, FEBRUARY t972, NEUMAG,406

C aaaaNENMAG,407
C NEWMAG,408

C INPUT PARAMETERS NEPMAGO410
C ALATF 0 GEOCFNTRIC NORTH LATITUDE NEWMAG,41 I
C OF SPECIFIED POINT P (RADIANS) NEWMAG,412
C ALONF a G.WCENTRIC EAST LCNGITUDE NEWMAG,613
C OF SPECIFIED POINT P (RADIANS) NEWMAG,414
C ALTF e ALTITUDE OF SPECIFIED POINT P (KM) NEWMAG941S
C TM o TIME FOR DESIRED FIELD (YEARS) NEhMAG,416
C NEWMAG,417
C CNSTNT COMMON NEMAG,416
C NEWMAG*819
C MALFPI e P1/2 NEWMAG,420Z
C P1 w 3,14I1926S35668 NERMAGflZI
C RFCM s EARTH RADIUIS (CM) NEWMAG,422
C NEWMAG.823
C OUTPUT PARAMETERS (To MAGLNK COMMON) NEWMAG*424
C Milo 9 MAGNETIC DIPOLE MOMENT CGAUSS.EM3) NEWMAG$429
C CfO3LTO 9 COSINE OF NORTH LATITUDE OiF MAGNETIC DIPOLE MOMENT NEWMAG*426
C SINITO - SINE OF NORTH LATITUnE UF MAGNETIC DIPOLE MOMENT NENMAG,427
C PHIO 0 EAST LONGITUDE OF MAGNETIC DIPOLE MOMENT (RADIANS) NEWMAG,4126
C NEWMAG,EIZ9

REAL LAMDA.LAMARG NENHAG.430
REAL MUO NEWMAG.431

C NEWMAG.432
CnMMON /MAGLNK/ MUOC03LT0*SINLTO.PMIO NEWmAG,4133
COMMON/CNSTNT/RECMPI.MALFPIFO)URPIeGRAVZGZRE2ISOLTZKeGANI ,GMII NEwNAG.1134

I *PMNITOPMOXY NEOIMAG943S
C NEWMAG,036

REBPECM.1 .E-S NEwmMG,037
7 lWOPI2Z,*PI NEWMAG*430
is PIOV~sHALFPI NEWMAG.439

C NEwmAG,440
C SET UP INPUT FflR CALL TO EXACT AMBIENT MAGNETIC FIELD MODEL NEWMAGO441
C NEWMAG,442

13 RKM a RE * ALTF NENMAG*193
143 COLAT a PIOV2 - ALATF NEWMAG,O444

17 3T SINCCOLAT) NE.MAG,44S
20 CT a CONCCOLAT) NERMAG,4416
2? 5PM a SIN(ALONF) NEWMAG.107

27CPM a COSCALONF) NEPMAG,4aS
27C NEWMAG*N49

C CALCULATE MACNETIC FIELD COMPONENTS AT POINT P NEWMA6,a00
C FROM STAS31NOPCIULOS MCIDEL. MODEL 5 (IGRF 10/66), NEWEMAGO451
C NEPMAG.452

43



MAGFIT (Cont'd)

-*34 CALL flNEMGS(TM.RKM,STCT,SPH.CPH,RM.BTHETA,SPHI.B) NEwmMG*4553
C NEWMAGo4854
C CALCULATE MAGNETIC DIPOLE MOMENTCGAUSSuKM3) FROM THE FIELD CflMPUNENT3NEwmAGl4Ss
C AR (RADIAL). 9T84ETA (POSITIVE SOUTH), AND RPHI (POSITIVE EAST), NEMMAG,4S6
C NEWMMAG. 457

51 I9?30 a 8TI4ETA*6TMETA + BPMI*BPHI NEM'MAG.458
53 MUJO 2 AK1**l*O*5*SGRT(8P.SR * 4**R23U) NEWMAG,*559

C CALCIILATE THE SINE AND COSINE OF THE ANGLE ALPHA AT P WHICH 13 THE NEPMAG*461
C ANGLE RETWEEN THE MAGNETIC DIPOLE MOMENT AND GEOGRAPHIC NORTH PULE NEWMAG'dlb?
C AND DETERMINE THE PROPER SIGNS NENMAC.463
c NEOMAGU6*5

63 ALPARG a APNI/BTHFTA NEWMAG,465
*55 ~ALPHA a ATANCALPARG) EMGdb
67COSALP a ABS(CCS(ALPHA)) NEWMAG,*467

73 SINALP a ABS(SINCALPHA)) NEWMAG,4h86
77 IFCSTWE!TA *LT, 0.)COSALP 9 COSALP NEOMAG*469

1048 IF(RPMI *LT, O.)SINALP 8 95INALP NEMMAG * *50
C NEWMA6,471
C CALCULATE THE ANGLE CHI M1EASURED AT EARTH CENTER WHICH NEwMAGO472
C IS THE ANGLE BETWEEN THE MAGNETIC DIPOLE MOMENT AND THE SPECIFIED NEPMAG,d&73
C POINT P NEMMAG,4?4
C NEWt4AG*075

107 CHIARG a 2.*SQRT(825Q)/BR NEw4AG,A76
113 CHI 8 ATAN(CMIARG) NEWMAGo4877
Its IF(CHI *LT, oo)CHI a PI 4 CHI NEWiMAG.076
123 CnscHi a COS~cCH) NEMMAG,4?9
125 SINCHI a 3IN(CHI) NEWMAG,480

C NEWMAG*OSI
C CALCULATE SINE AND COSINE OF THE NEWMAG948?
C NORTH LATITUDE Of THE MAGNETIC DIPOLE MOMENT NEWMAG0483
C NEMMAG,480

127 SINLTO a CSJSCHI*CT 4 SINCHI.ST*COSALP NEMMAGO6SS
133 CnSITO a SORT(1. a 31NLT003INLTO) tiEWMAG#*48*5

C. NENMAG,4887
C CALCULATF THE EAST LONGITUDE OF THE MAGNETIC DIPOLE MOMENT NEPNAG.45S6

4 C NEwMAG.*589
137 SINEL 2 SINCMI*$INALP/COSLTO NEWMAG,490
142 DEL a ASINCSINOEL) NENMAG.491
144 COSDEL a COSCMI a SINLTO*CT NE.SMAG.£892
1457 IF(CUSDEL *LT, 0,)DEL a 3IGNCPI,3INDEL) *DEL NEwMAG,493
1*50 PHIO a ALONF a DEL NEWMAGS494
1*52 IF(PHIO 'LT' 0,1 PHIO a PHM(1 TWOPI NEPMAG#495

C NEPMAG.096
1*55 RETURN NEWPAG * '97

1610 END NEWMAG,496

41
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Fly

ONEMG5

5~lgRUIITINr flNFMG5(TM,RKM.ST.C?.SPH.CPHOfR.8BTMETA.SPHI4I B) NE*MAGOuq99

C aaaaNEWMAG.%O1
C NEIMAG,5O2
C THIS RUIJTINE CALCULATES THE MAGNTIC FIELD VECTOR AT A SPLCIFIEL' NEWMAGeS01
C PnINT USING MODEL 5 OF STASS1NOPOULOS AND MEAD (N3SOC 7201?), THE NEWMAG*SOG
C ROUTINE IS A MODIFIED vERSIflN OF ONEMAG FCOR THE INTERNATIONAL NEWMAGeSOS
C GFUMAGNF.TIC REFE.RENCE FIELD (IGRF 1965,0)o NENMAG*506

C INPUT PARAMETERS NEWMAG.508

C 7M *TIME IN YEARS FOR DESIRED FIELD NEWMAGsS09
C RKM a GEOCENTRIC DI3TANCE OF POINT CKM) NEWMAG9Sl0
C ST a SINE OF GEnCENTRIC COLATITUDE OF POINT NEWMAG.511
C CT w C03INf OF GEOCENTRIC COLATITUDE OF POINT NEWMAGOS12
C SPM - SINE UP GEOCENTRIC LONGITUDE UF POINT (POSITIVE EAST) NEPMAGS13
C CPM w COSINE OF GEOCENTRIC LnNGITUDE OF POINT (POSITIVE EASI)NEWMAG*514
C NEWt4AG. 515
C OUITPUT PARAMETERS NEWMAG.5I1 '
C BR e RADIAL FIELD COMPONENT (GAUSS) NEWMAG.517 1
C hTMETA a PrISITIVE SflUTH FIELD COMPONENT (GAUSS) NEWMAG4SIS
C SPHI a P11SITIVE EAST FIELD COMPONENT (GAUSS) NEOMAG,S19
C a TOTAL FIELD MAGNITUDE (GAUSS) NEWMAG.52O i
C NE"MAG*S21

DIMENSInN LG(9,Q).LGT(9.9).G(9,Q).GG(9,9),GGT(9,9), NERMAG,S22
I SHMI(909)NEWMAG.523
DIMESIO CO3T(*9)FN()*F(9)NE WMAG .524

DIMFNSION P(9#9)#0P(9*9),3P(9)*CP(9) MEWMAG'525
C NEwMAG,526

EQUIVALENCE LGI1.(11)(L(1 )GT.))NENMAG.527
C NE*MAG,S26

DATA LG/1 ,.lD139*el6S4, 129?#9Se,-223t47*7t1 * 1 s~o.55.2l23P9940 NEWMAG,529
A *2034,.805.3S?,6o..Sah.9,.2o06.130 1567.1 9,492.2 .,4O,S,* 0Y,,A~ NEwAG*S30

C .a1.2.?3.o.7.I.l9..IeDee32.o.3't, NEMMAG,532
D 3..5.?,892,1.l,",?3.35.742.3u66 NEWMAG,S31
DATA ~G/O13.4,,71*I.,.2.73.0,. .3.., NEWMAG*534

F *1.17.b73O2.1...2..7.3.1b1,5Oue1, NEP.MAG*53S
F 1u60.e9.,0. 1,, NEWMAG1536

DATA SHMIT(t.1)/0.,.TMOLD/0,/,TZERO/19bSi,/NmAx/9/ NEIMAGS36
DATA P(t.1).CP(1).OP(1.1)vSpCI) / 2*1..2*0. NEWMAG9S39

C NEWWIAG.540
IPSMI(.tO.l) Go To a NEMMAG.5G1

C NEi.MAG,S4~2
C .a. INITIALIZE *ONCE ONLY, FIR3STlIME SUBROUTINE IS CALLED NEOMAG,S43

4C NENMAG.544
lb SHMITCI.1)U.1. NEWMAG,5S45
16 Dn to 'Nui.g MENMAG,SabI
20 FN(N)ZN NENMAGS47

2? D to at~gNEWMAG*508
37 FM(M)*Me1 NEPNAGS49
41t is CnNST(NM) a FLnATcCNw2)**2*(M`1v)**2) j C(2*N-3$*(2..Nw5)) NER94AG,SS0

)54 DOk 2 Na?,9 NEmMAG.551
57 SI4MIT(Nr1) a (?*N*3) *SHMITCNotel) I (NwI) NE4MAG,55?
66 JJ32 NEWMAG.553

470 00 P MsZN NEamAGS5a

45
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ONEMG5 klCont'd)

71 SHMTT(NoM¶ a SHMITCNomaI) *SGRT(ULOAT((NoM.I)*Jj)/(N+Mw2)) SNNUAG,SSS
107 5NMjlC4.lN)uS,4MITCNfM) NEMMAGOSS6
it? 2 JJ 8 1 NEU'4AG*%57
124 FI a LGCIt1) .Nf,.mG,SSS
125 F? a LGTC1.1) NERMAG,S59
t27 DO 7 Nal,NMAX NEMMAG.560
130 Dfl 7 UUI,NmAx NEWMAGOS61
140 GGPJ,'4) a LG(N#N)*SI4MTT(N,N)JFI NEWiIAG.562
143 ? GGT(N.M) a LGTCNoM)*SNMITCN#M)IF2 NEOMAG,563
155 8 IFCTM.EQTMOLD) GO TO It t4EWMAG'504
157 TmOLDsT" NEWMAG,S5b
160 T a YM 0 TZERO NEWMAG.566
161 DO 10 Na1.NMAX NEMMAG.56?
163 DO 10 Nu1,NMAX NEWMAGOS68
173 10 GCN.M) a GG(NpM) + TGGTCNM) NEWMAG.569

C NFWMAG.570
C ***** CALCULATION USUALLY BEGINS WERt NEWMAG057t
C PiEWMAG'572

204 it SP(?)sSPH NENMAGS?3
205 CPC2)sCPN NEWMAGgS?4
206 00 12 483.NNAV NEWMAGSS
215 SPCN)USP(2).CP(M.1),CPC2),5PCN.1) NEWNAG.576
220 12 CPCM)uCPC?).CPCM.1).5PC2 )*SPCM.1) NEWMAG.577
? 27 A0Reb3ll.2IRKM NEWMAG.578
230 AR*AOR**2 NEMMAG.579
231 BRso,0 tiEWMAG.560

*232 6TSo*0 hEoshAGS61
233 upso.0 NEWMAGe582
234 00 21 N22,NMAN NEPMA9.563
242 P(N-1.N)MO, t4EMAAG,S84
?43 P1 DPCNol,N)s0. NENt'Ageses
245 00 17 NU22NMAX NEMMAG,866
P?5 ARxAUR*AR NE"t4AGe587
253 Dn 17 4ujeN NE~mAG,58B
255 IFCM.fg,N) GO TO 13 N~AS

256 ~IFCNoEQ*2) GO TO 19 NWA,9
262 P(NM)UCI.P(N.1.M).CONST(N,M),P(N.2,M) tdEW"AG,W9
265 DP(NPM)3CT*DP(NmtgMl.3T*P~tk.¶1 M)mCUN$TCN#M)*OP(N.2,M) NENmAGsS92
272 GO TO 14 NEiWMAG9S93
301. 19 PCN*M)zCT NEWMAG.594

302 DPCNM)BuST NE*MAG9S9S
304 GO TO 14 NEWMAG.59b
307 13 P(NpN)23T*P(Not,N-1) NWA,9
311 DPCN#N)UST.OPCN.1,Nml),CT*PtN.1.No1) NEPMAG*597
317 14 PAR a P(N,M)*AR NEWMAG,S99
323 IFCM.EG.1) GO TO 15 NEPIMAG,600

A332 TFMPUG(N.M)*CP(M)+G(M.leN)*SP(M) oN606
335 BPsI4P-(G(N.m)*SP(M)eG(N.1.N)*CP(M))*FM(M)OPAIR NENeMAG,602
34? Go To 16 *NENMAC,603

346 IS TEMP I G(N,M) k~4wAG,604
352 16 BRaR~a.TFMP*FN(N)*PAR NENMAGO60S

3s? 17 6TUSTTEMP*DPCN,M)*AR HMA,0
311 8PM! a RP/ST/1000000.EMA,0
373 soaB*ono NESP4AG9608

370 STI4ETA a NT/100000, NE PMAG, 609
376 s a sIQRT(RR.Bod mTNE?A.8THETA + APHI*sPNI) NEWmAG.610
304 RETURN NEMA6,611
40S END NEWMAGS612

3 46



0 000 C 11

4t . + 1 4**
0 040k 0 N; d;0

0 *1 4* . 0 * * 4 4 ****
a, C .. 0.M f"i 00w

*. .0 000

go 0 0 0

%ic . . WlW
lo *l -0 :%1 It .*

40 00 0 000 C 44** 0*40*

oat0+ 00 co. .. . .00

we, of .; 1

fm 04 4 0

0* 1: *.. 0, on * T T."
.+w 0 * * 000* 0. .: 0 0

-' .0 Am Ab

-( ~ ~ ~ i lot %Tt * *00* 40*** *

W, .000;4 000 4 .4:. 0 :o

44*4Oz 44 -0 -: . 4

Win C NW 4 0

It0. S 14 V. tI .0

*0 f% - 4 - - 0 *4 *24 *4 di- *4 p

-000. 0 4 N

M 4" *-# .l 00 C;k *; *4

4' N~4**4 40NN* 0 0 .7-9
*o 4 4t M00 0ID

-~ ~~~~ 10 *0* C4 0* 40* 4

**.0. 
* *

AW* .ý0 0 0.: . 0 *

.4t . C0 4a %% 4%

0.4 0 0000N* 0*4 * 0 4 444-

. .. 4 c

00*u 5, 000 + 4. 0 c0 4

cIt0. * ww~c c C 0 * c

e.. .4t44 *. .0 4 4

000 14 0000 30 .40 .. 0 .0*

V 1:k po z4 *0

.c *N0 S4 **c4c WC4C *40 c

coo 0 00 40moom" - 0 m

0080 0 0 0 0 ft 0

Ocj .9 5 0 * * * *

'I. * *N iO* . 47

OjIN N 00 0000 .1 N .0. N ..



Z ~ ~ ~ ~ ~ ~ P a.. 000 V4t@ 0-4:0

00:1S & 005

0

cam$-@, 0 I-Oto M mf

o~t too
IU0 - A -

.0-0-0 .I Ci 1,.0i It 30-44

~09999 999 - 00 00

toc oc oa aO NO NO 00 o 0ý C,41

It M 1

DIP.0 t4ID-2! 0 'g ZN 40-C

s040on-1 Ov dzO DSOCl ý C 0 NOW 040 0.0

03 ~ ~ ~ ~ ~ ~ ~ ~ -I0 9-1 0 Ntf n eC C D9I- 0 m4

do a a a0 0

W0001p0000 .I0 0 0 00000-

91 a . 0. I

Z 0o o C, a 'acc co c c

*O M O O Mcmcocc0444

I C,

toO 0 a oc k 0 ao 4, t0 aoa0 0 a 0
V.0 90Ti90 l IL &C N0N@4@c
*4 4.O. . ..- nV! #

4.1- o. 90 0 f- 1OO D n La 40a CO
c 9 ev In on5 I-- S-- -40~OS 05 4 ;07
a0L . 01 0

so: Cs BOO No c no0- oA~-9
NO no- Z C 0 oOOOCON 0-

4 o 0 0 0 a0 t t ! 4,0

-j o
6- wzOO oo oc -$- 0-C000 0- -a"

0- 0 00
I 0 MO K 0L rL 0 aO

5- : ~48



41 0 a0ý V

hi .U0 m A00t PU4 wft L.000. . .e

wo a 1e0 0U'

or- AlUaVUAVU c ocIVV I000

20- 40 C, 00000

40 C00 0 c 00D c -0 0,

Ow l C7 Al 4D C*IJ0

004 00

0 p

-. 5.

ft ce 0000 hiOO*O

a4 471 .c02PI fu C',7

mon l a -Ne;-

A Lb dU M 40A 40 al w,0 oV OP.

~P l IVP 05 -A l c 05 00 VI C,40-

IL4 U- OP 51P0 AlC>5.I A

0 4V0- 04 D - ý % r ul tf

4~~~ 
C,2xa

0*0 0SS0+ C,0 0aaS wI - 11S

4D -P- W aIII0of- % 4a 4

C *001 & i .CI

= C' 40 0 cC e e O
m M a0 0 00 0 m-tlSS 1.5 dhA~~lU.lA

0555 w U U- zC ~ f

_A; '*'55 00 IL 4. -em
4 ~ ~ ~ ~ ~ _ IL U- cOIL - 0 04 .. ~ ~ ~

U-000 5 S54 C 000000occ ,ji..., .. coo49e



-. Alt00Al0

23~~~~~P fUM P- 30 9-- A . . 000

W N0% * t1% ONS

-nl a a 00-

0a we f0- 00 UIA

I., --- et et

4wo 0a00000

9- 41- 4,;o l400w

or-A 00 CU.. 'I. .4 .' 0.

IL 9- 02 444ccc

2. ý CC .;ý C CC_ C 00 CO00 00000

00---- lC0000000. 0 W1. . . . .fm
S) U)a

Co o4 7C ,C 200000000. 00C.L, CCC 0 00 0CC

t0 4 -0 0 0 0 0 0 0 0 0 A P F I
C c 0 W. rz C CCC CCOC r00* W P~ .%a nak

ID444 0 4 0 4 V wtf -ftM.fr

P.~~~0 AU ID- ai P44fu0
c349-I93 f S- t000

-1 C *220 c" O O O

C=C. owC OcoC 00_C
14.C CC 00 - A

e- COC 0-0C.
01 CC Z0 0

n.o l .A

000 00 00

-~ r * LI'!! I-
9- 0O 00 0O5-005000



Zn ii.10044 a Po 4.hb.~ 04Al

LiCLi

2~~ Al.3 Al A A~ -- A l

a CP&
"-m NM~m so 0" Al A 30f

U. 4t e .0 .0C u0

fu409 AO uj -A 01 - w Alt fuI

oo cc ool 0 0 Al. C, 0.0 .J4 0 0 l *9-a
In,-C. . 9--a ttt.. 9

u ke m0aa

.1 50 0 00 0.i3n C!n v c

-#P- W.0 a N ;0 41a e 0 a 4-,-* 1"= i 1 a9 Al 3 3 'A , -n 0n PINm I. Al'
4r CL 4. . . . .-a.V. C CC . l . 1 . ... .-.

am~~o anmeo m

I 2

i0 Cc 0 0 CC,000C 15 C 000000C

I. 1- ; 0-

00C C 0C 00 C8 C00CC,0 00CC
tt4 ýLI i2 -04 40 0. . ...

6-co a6-cc c cc cra f 1 .

ftUC .a V . "- a' Up 4ono- alO In A of-. inc a, In'

Uhl a 8 a .03 3- a3 9A .1 fu a a -A

0ft a.Ian 0 C -d'Al0 a .0- A.4 %

4aQ 0 a 0 i it %

4~ -A -C t

.5 * 51

2 -A



-W -v 4ýI r4 tMC o ýCZr f ,r m* Uzva aI Di

a u- mOw aw-~ 7- urs a a .Im

4.0.
C Cl -009 Q5jO 70 C~S-I lA

0.. .

oa0000009000 9~999

5.1 - aMI "

or- N O5 % :01

.1001-0 9% Ac0 CD goa onN- 4 k"nu~e0
999 Al a'S u "t ^0 AlAon t

0-m.ceoco-o 2

I- c 0

2- 61 U. I5' 1 '

c o c Ae o f . . . . .

f0 0 00 c 000000000j

I5for - CL,

% c

0-0-

01 0- o Al AnS 1 A0 1 t .5

00 Z

ON Al0-009 A n 5.551-0 US..7 15 0

20 Ae- AM 079Al.52 ~A



4tttt '-ft ftf -ff

ID c

Ga. a

0 2,f

439 440A c at-vltvt3

A4 -S -SP' - -S' - -S - S-

a 32

0-4a

8~o 8400033 .. AEAA£

C o. 2

C CC 00 00 0 C o 0 0

300000000C4- -ID0 4000000000c c c :C=V-ýCcc c c c-

O- =t

w~ ~ 2:v£ £0 1. .Cito
ce 44 e o 0 00 0 o0

aft a 6A- t 0DR .fffffffff

CL 1" a16 .- .

It )4 ca99 .8 cJ9 30 C. 0 C,0 0C,

CC

z09-5-Z9-

z CW8

IF t-o&u 0

530



10~ 01 o~ a.m IWO- a.0 p

'a W%

ft -; a-i saa~o~oa

. p. :. I" p atS55

so .s~ .a . .4

ap aa .a.a

49 --

-ib

O 0 c eC 0 IDcC1 0400 c C C

0404404c#0 aaa4

p.e 9p. a~e.-

OS, St i W0S-

. 2 ý C o c 0a

a eme

x C a 04 00 a4,4,C

- b; sm 4-. cp p., t a.. a. a .a.

49 0-M. ft Og-

tv -A t
P - so e4

-00 9: . p .p. p

p. p. .a OOOC0O OC .. someCO OC
a mo * .CC OC C -- . - eo C C

.l.A..0 -p

2 p. -IL 2 z 7 t.- LCCC

p.00 ,C C 00000 .000hL53%ooOOO



6- z'O G0-A~

ft*~kfw a U' l a' V 'U'VU'3ft

9- 400 ftf a ft U'

ZU .ngo 9 U@ ' 0, 0 ' ' -0 a P

4.J. bpVU fc- a- 
ftuf ft U'M= ' 'U

ft ml . t ..... .

Go Ar 20a

-j 0 9a a

aC Cc 0c MO 000 C 0 0 C
*so000c 00 0

000C

4 -

49- 0 90-f

40000000000=a. a C O 4C -l I., t t t t f f f f

11 Ce 0000C0C.C2 
0000 0 0

9-- 9

f S.

41 -02 S S a a o O 0

0 04.. . . . .

64 0



0 ZA., Ioo.A C,0.9AV

ON, V. aa ýow i
.4 41C&

10 2.It0

OC: a au

42,

Z 41 t2%M

.JQ . S .O . P.CA AA. 0, A. M. 6f. M~ a. .
4DA .A A .A

t6 ft~ 40* 
*41

* 0 0 0 0 0 0 0 0

JDA .' VA V.'A

Wt t r

r a-

bob a.

cJ . a. V 00640

00 '" . 0 * o oaVcoa

z4 4 4 w. N. M. -0 f - -.

a~~~~ 00 P. .4 A00 0 0 f

4, 444 1

-00-ý40000030I0
c z0o00-woo CC OCOC-o

Cs 00CC- 000 6.

_j ru *- - L Tu f

2 56



4% 0 ca # t0 uIAC . r

TOR~ ;~o a -NM No.lo.aio..

AS IS0 N ;"ewmh 0 A ,

- 0.

4Ao 00 0-A

o,~~~I- 10 C , # u wM,9

10 w 99 -W -f .1 WC In C ft

-0 0 00000000

00 00000000ttc

t0tvttft . ..o ..
O~e- .99%N IO -N -W U' N9

. a.

*r 0@4~.

07C 4V CI I0 IP' 0 0) c 0) rU' : *O r ogA4c

: -- I-0 . .

ccoc0 *- 00O COCI 42-00 0000 00000z 6L :cccOcccccr fu 0 00D 00000.0 0
&~~0 000000; c I

4 0 0 0 0 0 0 0

IL Iow 1 of.oat t 44
'oft 12 & 0 00116 ftI

£S S 55 5

come9

-C ooaAo



I- W * -M e. A !t a m %"

S OP CPo W .SP .EIO

k"h *Ano in 0 i
42 a. . . . . . . . .

*~~~~~ n : w9 i*SC- W.S in

2~~~~~ PS .0 V aV aw aJ ý

4.11 C,.1

z 2

0 0000 200000 0PP..

*as sea** a* SSOa a.
V -
z 2

It Ii UPUA 40, it . .~ . .4040

£TWN M.4 a o- ab a 0 a

of CO a

-wine a-s aswa-O *

z Q

P30CCOO800CC z 3C 9 000000cc
1 00000 0000 Cac 00 ,c0,0 0 0 00
b, O.f f t wf f u u0 uf . ..fttw tf

S- a-3-lo

0 0a 0 0C 0 C, CO a0001 0 aacC. 0 0CC

OU0 00 C of0 00 0 00C

91 2 q

is noun co AMC - c as ao aa C-4-at-

U-a wO 2A- aj aa a m".... ..
PSI :: 5dPS wwwcaa SIhs

00 4 -4-3 t

44 0 4

0 58



4u :w cc a VLA

- - *;

p. Ams-U 0 0 9IU

0-0000 p.4 0 ... eoan

e~~~~~g-o ma tv AgO Ag U.........

£ 9

-- - -i - 0 6 - -g -- 3-1-

40j .0 b, 44 P0t

a .e n n S 64 p.; Pa ma a-p.a -
q~.p4~.ppp IU oi 4

40 a

. ~ ~ 0 .-..me p.u 40 in -4 og
W.J ff 06f~f p.i -9m . .6-9Ag990 .64pmVp .gm9

*.........

a4 r-. %--r*t p ) O %- &I w

cCO 000 ft 00000000000L00000

000000000 00000

C. 0 3e o : : a o o c c

29-Le p.0p 
234 -- 99

Ix"m3 0 ? p. p.
4m a - W, I

C5



'44

w90 I 090 c 000.... 4

a.

00

-0--~~~~4 a0 ad 0 c 9 .A V 0
0-043~~ ai a. 2 0d 4dO 0 4 a

p~Z %V: -'i Vt -It

Mi0 I443

wee t o& ea 0"O C % 
0

. a- me on 0aaCMpn
a9 ad Fr MdP 0 .A4 d

.j0 0 c a C80 0 . 4 0 0

m -0 9 C, c 0 0 a0 000),00

a. -AwI tf f 6d fh

000 000 C, x0I-0000

0, 0 205- 0 ,0

0204 OW 09oo'0 p. c tL% %CL .%
04 Coc 40C 00W.'

OD 004 in p.t 40 1. a al Ad AA

In 
1.0

0 C £0 0 0 a 0090 00 ,
2 .400@00a4U as

0 4 3x

44 03 0
O.J- DiJC3-Aj -4 L 7 w

- h00000 . 9.. AdAd60



.49''0IC 1- V%' o4 0 bsa v 0 A

Mi ,G Pa a. Ro WO -m rw hi a c r a Rit w'0

z z

0. 1,- a0 a~ t O It-. 1% 9t .0 ' . .

C1-4a10 . t. 4 .0 151t v0f .%C

w n% JI n4Daaa

Oc.4c co4 a- c.0-ccccc

a 0815.0 o a a oiISP o~f a8.4:aac

.JU'U5.42-1 It .0WU .~ .4 It5 0 0

U ORJIUR.E'5S- -- oooe
wzi '0eAvi "0,A ~

35155155150005150c a~ a 'S10 015

SI- SR a1 ^,t %88 4M I S~4 4 8

Z4 a4 -*:.; .

d2 of2 I

$- 3 M5-
4--.1 o~ c-.oI-jo cc o o

b*. ILin-

e3 _j' f U' 0 iftS r55 J@. em .ft 8u . ru

cS An 41 00 01. 5532i C l0

oc i o- 4P'8t a c co c v cccv3 N

-- ft1 *,n 1-f4 c
.;C weC"

4 u L 1 441 0 4 . u&0nt

4L '" . 0 , - , U .4o 0 5 ' U' 4

IL at % . W. . . . . .

C a 8- I- NaO a 00aoQ 0 1*o-

- - cJO 0 0 
0  t- to ..O 0 0 00

Si.v t - 0.. . . ' C
-j 2cý -jCO C C O- - C C C O

7 u 0) 00 0 00 0 * j .1 60 100 000000

.40SC5 C JRJ~i&JSP. . SCSSU ( J ~ RRIS5aRA61NS



ml -

Vi- .l .0 . . a. lil It cVe ..

L9 - 't .d . . . it t~ 0 'e C'- -

It It -fo 0 Sý %

*I..

Jin, 444 ul aft w *

* 4006 Do aM uAO dA
400 d 4 P-cO0 N~ P NP

0 4 e u 4A 4C4 4 -I c o c o 400a 0o u -al a- 0, 0' 0 0

as a

LO &c 4cc :cc 41 cc 0000n00

I- N mpIVI !

e~~~~o Pon 4..........

24 t W. 44
vi 4
z to

t 2414*10 4

owC

:4 055 5 5 3 C.O SS , 5
-. tea0.A 00

Saus aC c c~ c a - c cccc

4a a~a = 40 0 0o a0 0 62-~ 0w 00 ao cc c cc

baihf 0 a Wiba a n6*26 V t-4 a 0
a ow% avo~c c00o
&Anf US, . ;; i "1

-C 04 2u a 0: low 2w ewt

h m 0 0a h i C S S 0 0 0 0 00 0 0 0h i * * *a o c o

bo or 0 sV %& 4 Nc a. 4 a44

9-L "ta- .. c ga
&~c 0 -C e &- 44

IL T .. urflUES6 IL eIC2 LOWm$& ee

ft .- 000 000 .- coo62c



AN~~M i P50-qýVýI, F'

t. ..

IND P 410 400 =0 V d 'l am 0."'

:24 174.

z z nI 2aP -2

411 v' V v it ow-80 oi

Iv0v n9 Nu 5 -a9 6 .. i v o c

4A a0&0 a = pR 4. 0 in aTo

at oc u01oO 2ro 2 1%4%m
as a MA 040ID16 O

40 c C 0OC, a saa9 4 0.N4R oC

aI T Ttt I.InI

ra aa a W0 0w040000 Co 000 00 00

4.1 2 t v N

t3 w Nt P

_4 11 . o o _. o

v Nt' I 0 0

_j c o 00a C C c 00cCC 0080

4" 4. " 4t4444444t W44t4"t A
I- N ;Dcacccoz

2cc z 1 z

4- 4.....~t% %c

(3~~~~ 00 05 00 AS AR- N 99

4. . .!! 0 . . . ..in4

-jM
1- Coco o " ,c :341ccooC

4j z 4- 3

0- :,-0NN = 11104.0i9
w0i i i "vv -N 8.~. t. 6 N- N 9 00

_j A a fi t 0 6- hi o

C - hi :: 0 g M--i

*~~~ -At. 0(



m~ t

'0 e UI a. em .A 01 C. %A itA n
tv A0 .ift Cafm0Inin0

* oft~~~~ lof en an a--- I~es~ n@

.%lilt IA . .0%%

WA inaft~V o

WIA ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n m.NA. Aj e dI tI@9

000 4.

N N0I ~ j
0Q0000 A 00: AdIha~aenoC44

* A 4%%iTti .n~ NVI.I@*

LI~~enft---e@OO 4144 t@ii N PO
00 NON Q We A nI

asC. Cees.. -

Z339n. 41 nf ~ -
£99C 344?n9@6fff

C 0 m taa00c

WIA~~~d~~en4wo 9..9 - WAG .. I ftmfmf
-a to, le 0, a 4 P- A e n en e

0 ~0

k. z3.t

43 -1 fftftftftNiftA ft "Iliniif
)~~~~ We~

N 000 C. so oa oaa CN 40000 W * SI 0000 0 )aw0 000

IV2. .Ug %%CO CiOCC %%IA .1%C CnCCV
"4 ~ ~ ~ ~ ~ 6ccco 049 4D @-~CANINI4 *n ~ne~tnf

*4D ,e. c Ivýf. aAIV-
0. C.'tf 4 a. ftftOC

C 9 - O

- ~ t It OOI04A0 CL CIAAAO

I .31. .00 .-. c a .10. a 0 a0 NCCIQO @
C~ A leN =0 N Nh 99. cS55S1555@

N ~ ~ ~ ~ c .J...ea 0e a C;4 .. h

-4 -4 =)iN - 0 . -A 4C* r- A

64



8N 1 0V.0V .. In;; a to.W% &

40.. . ., a
k" V.. I-ea 0 0 0 4P

11 % 
La

fuu 49-660 0

aW 03 vt .A lt 6t 0l 00 m in 0 6% int aIn 0

ft wdp nV t pf t VtPd d P

S Sw

-A 00 4, a. C. ;t =ft a0 0 C Uin 0

9).t CO. .4P Tdtet e

aS~~~~C I .0N * a dt i td Ct tw a

-a

4U~~ NP.% M NNN

2- ItAtI

7**t*V.*P #1 11 P.

0

5-A. 541W , 00- 5-irf- o m #

it0 Ut U Ut CV.V. .,4..0. 'CO 0 0 0

40 @ d.0 14U-d9 .0

- ~ ~ f fta 00 a.V~WUt

C 2

0- wINO 300 t09 -co la a 9- CPO aVt0 ml

GD V 09 weo -so na0 Aau

ID t 'D I' IS Ct n* I

hI .1 0 0 a 0 Nvoaa O O O D O O
N 2 ~0 N NN a000000

6A 5- 0004CCOdOOO cQO

0 0 4 a. . . . . . a g. l0 o n

S c0 a NC O C C V% a.% ý 40 c q;0 00C0
Ma aftw 4ý 0 00000000

5.. w1C 0 .5 WCI~~NU w aa
'. tO - ft 1- C0S t-c 0 z0

o -- j Z -. A C
e2 N -00 2 1 IL N we)&

P. 00 lS 055. 0 00 00 00 0 00hI.05 9 00 00 00

000-71~.tt ~ ~ ooC0C l~l~l .A0C00



'1v

Table A8. Summary of Running Time Experience for
Ambient Magnetic Field Module

on a CDC 7600 Computer.

Timing runs have been made for the various subroutines in the ambient
magnetic field model, with the following results obtained on the
Berkeley CDC 7600 computer:

MAGFIT (includes call to ONEMG5) 0.30 msec or 0. 64 msec

BFIELD 0. 055 msec

CONJUG 0. 067 msecc

a bONEMG5 0. 21 msec or 0. 56 msec

aFor a 6-page Fortran vers.on containing no DO-loops.
bFor a 2-page Fortran version containing DO-loops.

CThis number should be contrasted with a value of 26.7 msec required

if ONEMG5 (i. e., the multipole field) were used ipstead of BFIELD
(i. e., the dipole field) in tracing the field line to the conjugate region.
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